Background: This study examined associations between depressive symptoms and functional capacity, overall dependency in personal activities of daily living (ADLs), and dependency in individual ADL tasks, respectively, in people with a high mean age, large range of functional capacity, and wide spectrum of dependency in ADLs. Methods: Cross-sectional data from three studies were used. A total of 392 individuals living in community and residential care facilities were included. Mean age was 86.2 years, 72% were women, 75% were dependent in ADLs, 42% had depression, and 39% had dementia. Depressive symptoms were assessed with the 15-item Geriatric Depression Scale (GDS-15), functional capacity with the Berg Balance Scale (BBS), and ADLs with the Barthel ADL Index. Multiple linear regression analyses with comprehensive adjustments were performed between GDS-15 and BBS, GDS-15 and Barthel ADL Index, and GDS-15 and each individual ADL task, separately. Results: GDS-15 score was associated with BBS score (unstandardized b =−0.03, P=0.008), but not with Barthel ADL Index score (unstandardized b =−0.07, P=0.068). No significant interaction effects of sex, dementia, or living conditions were found in these associations. Among individual ADL tasks, dependency in transfer (unstandardized b =−1.03, P=0.007) and dressing (unstandardized b =−0.70, P=0.035) were associated with depressive symptoms. Conclusion: Functional capacity seems to be independently associated with depressive symptoms in older people living in community and residential care facilities, whereas overall ADL performance may not be associated. Dependency in the individual ADL tasks of transfer and dressing appear to be independently associated with depressive symptoms and may be an important focus of future interdisciplinary multifactorial intervention studies.
Introduction
Depression is currently the leading cause of burden of disease in high-and middleincome countries, and it is predicted to be the leading cause worldwide in 2030. 1 Among older people, the incidence and prevalence of depression seem to increase with age. 2, 3 Depression is also more prevalent among older people living in residential care facilities, 2 those with cognitive impairment, 4, 5 and women. 6 Drug treatment for depression seems to have a limited effect in older people 7 and may have no effect in people with dementia. 8 To find alternative ways of treating or preventing depression in older age, increasing our knowledge about factors associated with this condition is important. Despite depression's increased prevalence with age, chronological age does not seem to be an independent risk factor for this condition in adjusted models. 9 Instead, the prevalence of many diseases and conditions associated with depression, such as stroke, dementia, malignancy, heart failure, dependency in activities of daily living (ADLs), and functional impairment, increases with age. 10 Risk factors for depression may impact individuals with advanced biological age differently than younger and healthier populations. Thus, results of research conducted in younger people may not be applicable to a very old population.
Even if the frequencies of depression, reduced functional capacity, and dependency in ADLs are high among very old individuals, few studies have investigated associations among these factors in a population including a majority of very old people. [11] [12] [13] [14] [15] Three studies have included people with severe cognitive and physical impairments, 11, 12, 15 but none of these studies have performed comprehensive adjustments for confounding factors, leaving the question of whether reduced functional capacity and dependency in ADLs are independent risk factors for depression in this population unanswered. Functional capacity and dependency in ADLs have been shown to be associated with depression among community-dwelling older people. [16] [17] [18] Further examination of these associations is important because intervention programs may improve or prevent both of these factors, thereby reducing the prevalence of depression. Mediators of the association between depression and improvement in functional capacity or reduced dependency in ADLs may include better self-efficacy, sense of control, self-esteem, the ability to participate in social activities, and an enhanced level of daily physical activity. 17, [19] [20] [21] [22] Although functional capacity is correlated strongly with overall dependency in ADLs, these measures provide different information, and their associations with depression might differ. An individual's functional capacity reflects the ability to execute a task in a test situation related to a daily physical activity, such as getting out of a chair, climbing stairs, or walking. In contrast, the degree of dependency in ADLs is a measure of disability based on the assistance a person receives with these activities 23 and may be more influenced by factors such as cognition, environmental demands, use of assistive devices, and the caregiver's estimation of the need for assistance. Furthermore, to better understand the association between dependency in ADLs and depression, the impact of individual components of this dependency on depressive symptoms must be explored. To our knowledge, no such study has been conducted to date. The aim of the present study was to examine associations between depressive symptoms and functional capacity, overall dependency in ADLs, and dependency in individual ADL tasks, respectively, in people with a high mean age, a large range of functional capacity, and a wide spectrum of dependency in ADLs. A secondary aim was to investigate whether sex, dementia, or living in a residential care facility influenced these associations.
Methods

Study design and participants
To gather data from participants of advanced age with wide ranges of functional capacity and dependency in ADLs and many coexisting diseases, the present study used a merged dataset derived from one population-based study of a very old population, the Umeå 85+/Gerontological Regional Database (GERDA) Study (2000) (2001) , 24 and baseline data from two studies performed in residential care facilities in the urban municipality of Umeå: the Frail Older PeopleActivity and Nutrition (FOPANU; 2002) 25 and Residential Care Facilities-Mobility, Activity and Nutrition (REMANU;  2004) 26 studies. For people participating in more than one of the three studies, data from only the first study were included.
The sole inclusion criterion for the population based Umeå 85+/GERDA Study was being of a certain age; 50% of people aged 85 years and all people aged 90 and $95 years were asked to participate. Of 319 people, 253 (79%) agreed to participate (Figure 1 ). The FOPANU Study was a randomized, controlled, exercise intervention trial, and the REMANU study was observational. The inclusion criteria for these two studies were living in a residential care facility, age $65 years, dependency in personal ADLs, ability to rise from a chair with armrests with help from no more than one person, mini-mental state examination (MMSE) 27 score $10, and approval from the resident's physician. The facilities comprised private apartments with access to common dining rooms, alarms, and onsite nursing and care. Some facilities also had specialized units for people with dementia, with private rooms and staff on hand. In the FOPANU and REMANU studies, 191/262 (73%) and 63/104 (61%) eligible people agreed to participate (Figure 1 
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Data collection and assessments
In all three studies, trained investigators assessed and interviewed participants in their homes or in the living areas of the residential care facilities. In the Umeå 85+/GERDA Study, information about diagnoses and prescribed drugs was collected from participants and their medical records. When appropriate, relatives and/ or caregivers were contacted to confirm certain diagnoses. In the FOPANU and REMANU studies, residential care facility nurses obtained information from medical records. An experienced specialist in geriatric medicine carefully evaluated the gathered information of diagnoses, prescribed drugs, and results from assessments for verification of diagnoses in all three studies. Depressive symptoms were assessed using the 15-item version of the Geriatric Depression Scale (GDS-15). 28 Items are structured by yes/no responses and scores range from 0 to 15, with higher scores indicating the presence of more depressive symptoms. The GDS-15 has shown high sensitivity and specificity in the detection of clinical depression among people aged $85 years 29 and those living in residential care facilities. 30 It has also been validated and judged to be useful among people with severe cognitive impairment. 30, 31 The GDS-15 was administered in interviews to facilitate completion by people with cognitive decline or functional impairment. One missing answer (scored 0) was allowed, but more than one missing answer resulted in the exclusion of a participant's data from the present study.
Functional capacity was assessed using the Berg Balance Scale (BBS), 32 a well-established, valid, and reliable scale for older people, including those with cognitive impairment.
26,33
The BBS measures functional balance capacity in 14 common everyday tasks of varying difficulty, including for example, standing from a seated position, transferring from one chair to another, standing and reaching forward, standing and turning 360°, and placing one foot at a time onto a step while standing. Thus, the scale reflects aspects of physical function other than balance, such as lower-limb strength and gait. Item scores range from 0 to 4, and total scores range from 0 to 56, with higher scores indicating better balance/functional capacity. 33 People who exceed specified time limits or require supervision or physical or verbal guidance are given lower scores. The unavailability of a BBS score resulted in the exclusion of a participant's data from the present study.
ADLs were assessed using the ten-item version of the Barthel ADL Index, a well-established and valid measure of dependency in personal care and mobility 34 that has demonstrated reliability among older people with impaired function. 35 The Barthel ADL Index measures what a person does, rather than what he or she is able to do. Scores range from 0 to 20, with higher scores indicating a greater level of independence. In the FOPANU and REMANU studies, licensed practical nurses or nurse's aides who knew participants well were interviewed about participants' dependency in ADLs. In the Umeå 85+/GERDA Study, participants were interviewed and in cases of cognitive impairment, relatives and caregivers were contacted to confirm the scores. Visual impairment was considered to be present when a participant was unable to read a sentence printed in 5 mm capital letters. Hearing impairment was defined as the inability to hear a normal conversational tone at a distance of 1 m. Measured height and weight were used to calculate each participant's body mass index (kg/m²). Cognitive function was assessed using the MMSE 27 (score 0-30), with scores of 18-23 indicating moderate cognitive impairment and scores ,18 indicating severe cognitive impairment. 36 In all three studies, a specialist in geriatric medicine made all diagnoses of dementia and depression according to the criteria of the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision, 37 based on assessments and documentation in medical records. However, depression diagnoses recorded in the medical records of patients receiving ongoing antidepressant treatment were also considered to indicate ongoing depression, regardless of the patients' responses to treatment. Response to treatment was defined as a GDS-15 score ,5 in individuals with a depression diagnosis and ongoing antidepressant treatment.
Statistical analyses
Descriptive characteristics (Table 1) were chosen in advance of analysis given the documented associations of these characteristics with depression. These associations were tested in univariate linear regression analyses, with GDS-15 score serving as the dependent variable. To further investigate each task in the Barthel ADL Index, they were each dichotomized as independent (maximum task score) or dependent (at least one point deducted). Differences in GDS-15 scores between these groups were evaluated using the independent samples t-test.
Univariate and multivariate linear regression analyses were used to investigate associations between GDS-15 and BBS, GDS-15 and Barthel ADL Index, and GDS-15 and each individual ADL task of Barthel ADL Index, separately. The depen- 
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Factors associated with depressive symptoms in older people dent variable was the GDS-15 score and independent variables were the BBS score, overall Barthel ADL Index score, and the dichotomized Barthel ADL tasks, respectively. Age, sex, and descriptive characteristics found to be associated with the GDS-15 score (P#0.15) in univariate analyses (Table 1) were added to the multivariate linear regression models after all variables were controlled for multicollinearity (r$0.7). Given the high correlation (r =−0.74) between dependency in the ADL task of bathing and living in a residential care facility, the latter was not controlled for when analyzing the former. In addition, four variables (depression, MMSE score, benzodiazepine use, and antidepressant use) were not included in any multivariate regression model. Depression diagnosis was not included since the dependent variable was the GDS-15 score, which measures depressive symptoms. MMSE scores correlated moderately with dementia (r=0.63), but both variables were considered to be measures of cognitive function. As dementia diagnosis has been associated more consistently with depression in the literature and MMSE scores can be falsely low among depressed older people, MMSE scores were excluded from the analyses. Benzodiazepine and antidepressant use were considered to be effects rather than causes of depression and were not included in the analyses. Interaction effects between BBS score and Barthel ADL Index score, respectively, and sex, dementia, and living in a residential care facility were also evaluated in multivariate linear regression analyses. The rationale for evaluating the interaction effect of dementia was that cognitive impairment, in addition to physical impairment, contributes to dependency on assistance in ADL and might thus affect the association between BBS or Barthel ADL Index and GDS-15, respectively. The interaction effect of living in a residential care facility was evaluated with the rationale that an increased access to care staff might influence the amount of assistance received, irrespective of level of physical impairment, compared to when community dwelling. Furthermore, the interaction analysis of living in a residential care facility was performed to investigate whether differences in living arrangements between the datasets influenced the associations; all the participants in FOPANU/REMANU lived in residential care facilities, but only a portion of the participants in Umeå 85+/GERDA resided in facilities. IBM SPSS Statistics version 20.0 (IBM Corp, Armonk, NY, USA) was used for statistical analyses. All statistical tests were two tailed and P,0.05 was considered to indicate statistical significance.
Results
This study included data from 392 participants ( Figure 1) ; their characteristics are shown in Table 1 . The mean age was 86.2 years (range, 65-103), 282 (72%) participants were women, and 264 (67%) were living in residential care facilities. One hundred sixty-six (42%) participants were diagnosed with depression, and 132 (34%) were using antidepressants. The mean ± standard deviations (SD) MMSE score was 20.5±6.0 (range, , and 153 (39%) participants were diagnosed with dementia.
The mean ± SD GDS-15 score was 3.9±2.8 (range, 0-14). No significant difference was found between mean ± SD GDS-15 scores of men and women (3.8±2.9 versus 4.0±2.7, P=0.39). The mean ± SD GDS-15 score of the participants with and without depression was 5.3±3.2 and 3.0±1.9, respectively (P,0.001). Of the 166 participants with depression, 129 (78%) were using antidepressants, and 77 (60%) of them had responded to treatment (GDS-15 ,5). The nonresponders had a mean ± SD GDS-15 score of 7.9±2.4. Two hundred ninety-three (75%) participants were dependent in ADLs (Barthel Index ,20), and mean scores ± SD (ranges) for the Barthel ADL Index and BBS were 15.4±4.8 (0-20) and 33.3±16.8 (0-56), respectively.
Among the individual ADL tasks of Barthel ADL Index, the highest rate of dependency was found in bathing (70%) and the lowest in bowel continence (13%) ( Table 2 ). There was a significant difference in GDS-15 scores between independency and dependency in all ADL tasks except in bowel continence, bladder continence, and bathing (Table 2) .
In univariate linear regression analyses, BBS score, Barthel ADL Index score, and dependency in all ADL tasks except bowel continence, bladder continence, and bath- Notes: Each multivariate linear regression analysis was adjusted for age, sex, and baseline characteristics associated (P#0.15) with GDS-15 in univariate analysis; dementia, previous stroke, current urinary tract infection, angina pectoris, malignancy in the last 5 years, constipation, rheumatic disease, diuretics, analgesics, acetylcholinesterase inhibitors, number of drugs used regularly, and visual impairment. Living in residential care facility was adjusted for in all multivariate analyses except for that of the ADL item bathing.
a GDS-15 was used as dependent variable. Abbreviations: ADL, activities of daily living; CI, confidence interval; GDS-15, 15-item Geriatric Depression Scale.
ing were significantly and inversely associated with the GDS-15 score (Table 3 ). In the multivariate linear regression analyses, the BBS score was found to be significantly and inversely associated with the GDS-15 score (unstandardized b =−0.03, P=0.008), but the Barthel ADL Index score was not (unstandardized b =−0.07, P=0.068). No significant interaction effect was found between the BBS score and Barthel ADL Index score, respectively, and sex (P=0.48 and P=0.91, respectively), dementia (P=0.99 and P=0.72, respectively), or living in a residential care facility (P=0. 33 and P=0.20, respectively) . Multivariate regression analyses examining associations between GDS-15 score and dependency in each individual ADL task, separately, revealed that dependency in transfer and dressing were significantly and inversely associated with the GDS-15 score (unstandardized b =−1.03, P=0.007 and unstandardized b =−0.70, P=0.035, respectively) ( Table 3) . In additional analyses, comparing differences in BBS scores between participants independent or dependent in the ADL tasks of transfer and dressing, the mean ± SD scores were 38.7±12.8 versus 9.71±10.6 (P,0.001) and 41.9±11.4 versus 21.7±16.0 (P,0.001), respectively.
Discussion
This study comprised a heterogeneous sample with a high mean age, a large range of functional capacity, a wide spectrum of dependency in ADLs, and a high prevalence of comorbidities. In this sample, reduced functional capacity and dependency in transfer and dressing were independently associated with the presence of more depressive symptoms, after comprehensive adjustment. However, overall dependency in ADLs was not independently associated with depressive symptoms. According to interaction analyses, sex, dementia, or living in a residential care facility did not influence the associations between depressive symptoms and functional capacity or between depressive symptoms and overall dependency in ADLs.
In contrast to the present study, the majority of previous observational studies performed among very old people have shown that overall ADL dependency was independently associated with depressive symptoms. 11, 12, 14, 15 This difference in results may be related to less extensive adjustment for potential confounders in previous studies, which was insufficient to appropriately characterize this association. In the present study, functional capacity, rather than ADL dependency, was associated with depressive symptoms. This finding is in accord with the results of an observational study conducted among very old community-dwelling people, in which comprehensive adjustment was performed. 13 The observational study showed that low performance in tests of balance, lowerlimb strength, and gait speed was independently associated with depression, whereas overall dependency in ADLs was not. 13 Together with the results of the present study, this may indicate that overall dependency in ADLs is not related to depressive symptoms, whereas lower functional capacity resulting in a higher rate of dependency is associated. The present study did not measure mediators of this association, 
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Factors associated with depressive symptoms in older people such as physical activity, self-esteem, and self-efficacy, which may explain the results. For example, functional capacity might have a greater impact than ADL independence on the level of physical activity. Similarly, a person's physical ability to perform a task, rather than whether he or she receives help while doing it, may be more important for self-esteem or self-efficacy. Thus, knowing that you are able to perform a task might be more important than accepting to be helped in relation to depression.
Previous studies of ADL dependency have not investigated the impacts of individual ADL tasks on depression. One possible explanation for the associations of transfer and dressing with depressive symptoms in the present study may be that dependency in these ADL tasks particularly lowers self-esteem, self-efficacy, sense of control, and physical activity, which are suggested mediators between depressive symptoms and disability. 17, [19] [20] [21] [22] People who are dependent in transfer need help with numerous activities throughout the day. Similarly, people who become dependent in dressing shift from almost complete independence in personal ADLs to requiring help several times a day: in the morning, in the evening, and when they want to go outside.
Overall, higher functional capacity, which depends on balance and lower-limb strength, appears to be associated with the presence of fewer depressive symptoms in older populations with a high prevalence of disability. Balance and lower-limb strength are important prerequisites for transfer and dressing. Not being able to independently dress or transfer (eg, from bed to chair) seems to be an important threshold prompting more depressive symptoms. In the present study the differences in mean of BBS score between those independent and dependent in transfer and dressing were 29.0 and 20.3 points, respectively. The small unstandardized b values of the BBS in Table 3 indicate that a change in BBS score of this quantity also seems to be required to change the GDS-15 score approximately one point. Thus, to reduce depressive symptoms, a large improvement in functional capacity seems to be necessary. The unstandardized b values of dressing and transfer indicate that a change from independent to dependent, or vice versa, in one of these activities might change the GDS-score with around one point. This could explain the inability of exercise interventions to reduce depressive symptoms in residential care facilities. [38] [39] [40] [41] Such interventions may have had insufficient effects on functional capacity, or an insufficient number of participants have managed to become independent in dressing or transfer. In future studies it may be of interest to evaluate the effects on depressive symptoms of interdisciplinary multifactorial rehabilitation programs, by combining physical exercise, specific skill training, and the assessment and fitting of appropriate assistive devices, targeting dependency in transfer and dressing.
Some potential limitations of the present study should be considered. The cross-sectional design limits interpretation of the directions of observed associations. However, longitudinal studies among older people with a mean age below 80 years indicate both that depression is a risk factor for ADL dependency and that ADL dependency is a risk factor for depression. [16] [17] [18] Many factors can contribute to depression in older people. Although we had access to information about many potential confounders compared with other studies, additional factors might have influenced the associations found. The study sample was heterogeneous, including subjects living in the community and in residential care facilities who represented the entire ranges of BBS scores, personal ADL dependency, and large variations in MMSE scores. As a result, this heterogeneous sample included many participants with severe cognitive and physical impairment: participants important to include in studies intending to thoroughly investigate the associations between depression and functional capacity or ADL dependency. By merging data from three studies, the study sample is neither representative of the very old population or of residential care facility populations, which may limit the external validity of the results. However, no significant interaction effect of sex, living conditions, or dementia was observed, indicating that our results may be applicable to both men and women, with and without dementia, living in the community as well as in residential care facilities.
Conclusion
Functional capacity seems to be independently associated with depressive symptoms in older people living in the community and in residential care facilities, whereas overall ADL performance may not be associated. Dependency in the individual ADL tasks of transfer and dressing appear to be independently associated with depressive symptoms and may be an important focus of future interdisciplinary multifactorial intervention studies.
